fibres of taste and not for those of skin sensation. In fact the herpetic lesion may be on the anterior two-thirds of the tongue without taste being affected; therefore the lesion is more likely to be in the trigeminal than the geniculate ganglion. The facial paralysis of herpes oticus is associated with herpetic lesions in the unquestionable distribution of the cervical posterior root ganglia and the trigeminal ganglion. Denny-Brown et al. (1944) examined a geniculate ganglion in a case of herpes oticus with facial paralysis and found it unaffected. The 2nd cervical ganglion was infected and the brain stem showed minor encephalitic changes, with neuronal damage to the facial nucleus. With zoster of the face, multiple cranial nerve palsies may occur without gross clinical evidence of encephalitis. Further, herpes of the pinna and postural herpes occur without facial paralysis and it would be thought likely, if such lesions resulted from infection of the geniculate ganglion, that the inflammatory reaction in the ganglion would produce a facial paralysis. There is no evidence to suggest that the facial paralysis of herpes oticus is due to a lesion of the geniculate ganglion and, in all probability, herpes oticus is a zoster lesion of more than one cranial nerve. Consequently the evidence for a wide sensory distribution of the VII nerve on the pinna and palate does not exist. There are no sensory neurones in the facial nucleus and the only sensory fibres known to be carried by the nerve are proprioceptive and taste fibres. The proprioceptive fibres probably end in the trigeminal nucleus; the sensory fibres found in the peripheral distribution of the VII nerve are likely to be of V nerve origin, being merely an example of a trigeminal sensory branch using the peripheral branches of the facial nerve as a final route.
As viruses are obligatory cellular parasites, I suggest that cranial nerve lesions of virus origin are due to a lesion of the brain stem nuclei, resulting either from direct invasion of the nerve cell by the virus or from a 'perivenous' demyelinating disorder. As more evidence accumulates in virological studies of central nervous system disorders, it may be found that the perivenous cuffing and demyelination is secondary to direct virus invasion of cells responsible for the maintenance of myelination (viz. the oligodendrocytes and astrocytes).
Viruses may be highly selective in choosing particular cells for their parasitic life and in the same way as the toxin of diphtheria is thought to select the oculomotor nucleus on a biochemical basis, so viruses may select particular cranial nuclei according to their individual metabolic requirements.
If my hypothesis holds then, in those cases of Bell's palsy which are of viral Ltiology, there is no indication whatever for decompressing the facial nerve in its transit through the temporal bone.
There is a need for a more careful search for viruses and more detailed pathological studies in cases of cranial nerve lesions of suspected viral origin. Of course, cranial nerve lesions are not always due to virus invasions; they may be the presenting features of ear disease, disseminated sclerosis, intracranial tumour or aneurysm, or nasopharyngeal neoplasm. These are diagnostic pitfalls which must not be overlooked.
Dr F L Constable (Royal Victoria Infirmary, Newcastle upon Tyne)
The number of cranial nerve lesions that can be attributed to viruses is small. In addition there are a few conditions in which the agent is suspected of being a virus, for all other micro-organisms have beenexcluded. Virological examinations are laborious and time consuming and delays and disappointments are inevitable, so there must be a complete understanding between virologist and c.lnician.
The task of proving that any clinical entity is viral in origin may be formidable. In many cases, although it is not difficult to isolate a virus, it may be extremely difficult to identify it. Large colletions of viruses stored in deep freezes in laboratories throughout the world are not only waiting to be identified but also to be associated with a disease. The virologist faces the dual problem, either of isolating and identifying some new agent or of correlating the disease with one of the stored unidentified viruses. The enteric cytopathogenic human orphan (ECHO) viruses are an example of a recognised group only recently associated with disease. Moreover it has become apparent that nearly all of the 28 ECHO strains are responsible for one or more of a diversity of maladies including poliomyelitis-like illness, aseptic meningitis, diarrhoea and feverish illnesses with or without a rash in children (MelnIk & Sabin 1959 ).
Huebner (1957) formulated a number of criteria that must be satisfied before a virus can be accepted as the cause of a disease. This list, entitled a 'Bill of Rights for Viruses', performs for virology the same function as Koch's postulates do for bacteriology, even though it could be lengthened by including more precise requirements for particular groups of viruses (Melnick 1962 ).
Huebner's 'Bill ofRights' To qualify for acceptance as an etiological agent a virus must fulfil the following requirements:
(1) The virus must be a real entity, i.e. established in the laboratory by tissue culture or animal passage.
(2) The virus must be of human origin and not a cell line or animal virus present in the experimental host cells.
(3) A rise in antibody titre must be demonstrated during the infection as shown by titrations against the isolated agent. This is nQt incontrovertible, as recovery from an infection is sometimes associated with failure to develop antibodies; furthermore a positive result may be confused by immunological crossing. (4) The biological characters of the agent must be established. This includes its host or tissue culture range, the nature of pathological lesions, its resistance to heat and chemicals, its size, shape, antigenic structure and relationship to previously defined agents.
(5) There must be constant association between the virus and a specific illness and the virus must be demonstrated in the diseased tissues. To fulfil the stipulated requirements in the case of any individual virus would be expensive in time and money. A laboratory cannot answer all of these questions without the help of clinicians and 41 epidemiologists. The virologist will require the type of specimen most likely to yield positive information and, to ensure that the material reaches the laboratory in a viable state, will provide suitable containers and instructions for transmission.
In recent years the development of new laboratory procedures, particularly in the tissue culture field, has revolutionized diagnostic virology. These techniques may be divided into two categories, the direct and the indirect. In the former, attempts are made to isolate and identify a virus and, in the latter, to produce evidence of viral activity, principally by the demonstration of antibody formation. The tests themselves may conveniently be considered under three headings: (1) Microscopy.
(2) Virus isolation. (3) Serology.
Microscopy
Smears, exudates and scrapings may be stained by ordinary histological methods and examined for elementary bodies, inclusions andcellular changes. As few viruses are large enough to be seen by ordinary microscopy the method has its lirnitations; inclusions on the other hand are readily seen and are a useful diagnostic aid. Inclusion bodies stain well with hiematoxylin and eosin, may be located in the nucleus or the cytoplasm, occur singly or in groups and are eosinophilic or basophilic. Rabies is an outstanding example of the importance of inclusions for their presence in the cytoplasm of nerve cells of the hippocampus and cerebral and cerebellar cortex is pathognomonic. Other cellular changes may be seen, such as the giant cells in smears from vesicle bases in herpes simplex, varicella and zoster. A less obvious change is the margination of nuclear chromatin. Tissue sections from biopsy or postmortem material may show necrosis, cellular infiltration and vascular cuffing.
Fluorescence microscopy is sometimes used for detecting the presence of viral antigen in cells. A fluorescent dye is conjugated with specific antibody which is then allowed to act upon an infected tissue. Viral antigen and antibody combine and, by virtue of the incorporated dye, become fluorescent in ultraviolet light.
Although much valuable information has been gained concerning the shape, size, ultrastructure and life cycle of viruses by electron microscopy there is little place for this instrument in routine investigations or in the search for undiscovered agents.
Virus Isolation
This affords positive proof of the presence ot a virus and is undoubtedly the most important of the techniques available at this time. Until recent years viruses could be grown only in experimental animals but these have been largely, though not entirely, replaced by other methods. For some purposes animals are indispensable and, for example, afford the only means of growing the majority of the Coxsackie A viruses.
Animals are often contaminated by bacteria and viruses and may produce an immunological reaction to infecting agents, all of which are liable to interfere with the course of an experiment. Fertile hen eggs, introduced in 1930, provided a medium free from these disadvantages; eggs are cheap, easy to obtain and when infected give a substantial yield of new virus. They are extensively used for virus isolation and identification and the production of vaccines, but their usefulness is limited by the range of viruses they are capable of supporting.
Tissue culture, therefore, provides the most important means of cultivating viruses. It has been used for at least a hundred years but only in the last fifteen years has it been applied to virology; by disintegrating a tissue with trypsin and allowing the suspension to form a monolayer on the side of a glass vessel an ideal medium for growing viruses is obtained. This medium is used for diagnosis, virus titrations, serological tests and the large scale production of vaccines. The use of tissue culture has also led to the discovery of a host of new viruses, sometimes by experimental inoculation of pathological material and sometimes by chance, as in the case of the adenoviruses which were found to be associated with the adenoid tissue from which monolayers were being prepared.
Almost any tissue can be grown in the laboratory but relatively few have been found suitable for virus studies. Human or animal epithelial cells derived from normal tissues or tumours have proved the most fruitful source of cultures. A carcinoma of the cervix was the starting point for HeLa cells and numerous other tumours have provided cell lines which are in use throughout the world. The normal tissues of monkey kidney and human amnion are also frequentlycultivated for virus studies.
Some viruses grow better than others in a given tissue culture and each culture itself varies in the range of viruses it will sustain, therefore it is necessary to ensure that the optimum combination of culture and virus be chosen. In cases where the agent is unknown but is suspected of being a virus, the largest possible variety of cultures should be inoculated.
Virus growth usually takes place in a few days and in many cases this is accompanied by a visible change in the cells. Cultures are kept in glass tubes or bottles and the state of the cells can readily be seen through the walls of the vessel with the aid of a low-power microscope. Cell changes and sometimes inclusions may be observed either in the living state or when the cells have been removed, fixed and stained. Virus-induced change in cells is known as the cytopathic effect and it is often sufficiently characteristic to permit an immediate recognition of the virus.
In the absence of cytopathic effect it may be possible to demonstrate virus growth by other means, such as the fluorescent antigen-antibody test or the interference with the growth of a second virus or, if the virus is a hemagglutinator, by adsorption of red blood cells on to the surface of the culture.
Having succeeded in isolating an agent it must then be identified and, if it appears to be a new virus, subjected to a detailed investigation of its properties. A complete record of the nature and behaviour of a new agent will not be compiled in a short time nor is it likely to be within the capabilities of a single laboratory.
Serology
Serological tests play an essential part in establishing the viral etiology of a disease. They may be used for two purposes, first, to identify an agent isolated by cultural methods and, secondly, to demonstrate and titrate viral antibodies in patients and experimental animals.
Nearly all the methods are laborious and expensive in time and materials. Neutralization tests, in eggs, animals and especially in tissue cultures, are commonly performed and consist of allowing a virus to react with an antiserum, one of the reactants being known, before inoculating the host of choice with the mixture. If the serum contains specific antibodies the virus will be neutralized and produce no effect on the host. In the tissue culture system the result may be judged by the inhibition of cytopathic effect, metabolic activity or hiemadsorption. The technique is applicable to virus identification, using a battery of sera of known type, and to the estimation of antibodies, using an identified or isolated virus.
Complement-fixation tests are also widely used and are especially useful for antibody determinations on paired sera taken during the acute and convalescent stages of an illness. A minimum of a fourfold rise in titre is accepted as evidence of infection.
The haemagglutination inhibition test is restricted to those viruses capable of agglutinating red blood cells and the ability of a specific serum to inhibit agglutination is the basis of tests which are principally concerned with virus identification.
An application of the Ouchterlony gel diffusion method may be used to detect viral antigen (Dumbell & Nizamuddin 1959) and the fluorescent antigen-antibody reaction is capable of identifying virus in cells in which a cytopathic effect is not otherwise apparent.
The various procedures outlined above are used as a diagnostic screen. The effectiveness of the method and its relevance to the problem of virus disease of obscure origin may be illustrated by reference to a survey made in Scotland in 1959 (Combined Scottish Study 1961 . This was an attempt to demonstrate a virus aetiology for a range of clinical conditions assembled under the title of poliomyelitis-like illness; it involved 19 clinicians, 5 virologists, an epidemiologist and 310 patients. Virological studies were carried out in 290 cases, of whpm 160 were shown to have a virus infection. The viruses identified were Frater virus, Coxsackie and B, ECHO viruses, mumps, adenovirus, herpes, poliovirus and louping ill. Two outstanding features of the survey were the virtual absence ofpoliovirus and the discovery of a new agent named Frater. This virus was the agent most commonly isolated and it seems to be a member of the ECHO group. Viruses were identified in 55% of cases and even this high figure would probably have been increased if more specimens had been collected and the laboratory procedures extended. The majority of patients had no paralysis and the commonest clinical diagnosis was aseptic meningitis. Several instances of cranial nerve involvement were noted, one was in a 6month-old boy who developed a left facial palsy and from whom Coxsackie A7 virus was isolated; another was in a farmer whose symptoms included vertigo, facial stiffness and disturbances of vision and who was shown to have a high and rising antibody titre for louping ill, an arthropodborne disease of sheep occasionally transmitted to man. Only one fatality was reported and histological examination showed widespread damage to nerve cells. Coxsackie A7 virus had been isolated prior to the death of this patient who had a marked paralysis of the right shoulder girdle. There can be little doubt that significant histological changes occurred during these infections but were not observed as it was impossible to collect specimens.
Surveys of this type are not common and if success is to be achieved they must be extended in number and scope. Individuals cannot expect to encounter large numbers of cases, nevertheless no opportunity should be missed of investigating those that do occur. The problem is intensified in the case of cranial nerve lesions by the difficulty of obtaining suitable specimens. Microscopy is almost excluded as biopsy and post-mortem material is rarely available. This also limits virus cultivation but material from other sources is often ofvalue for this purpose. When post-mortem specimens are available the chances of isolating a virus are greatly enhanced if they are collected as soon after death as possible. Virus is not likely to be alive if there has been a delay of two or three days but tissues taken at this time may be suitable for histology.
During the early stages of an infection virus isolation should be attempted from faces, CSF and throat swabs and repeated at intervals throughout the illness and convalescence. The examination of frces for enteroviruses is of considerable importance in nervous system infections. It has long been recognised that viremia occurs during poliomyelitis and it is now clear that it also occurs in other enterovirus infections. Viraemia facilitates the localization of virus in motor nerve cells which may result in paralysis or muscle weakness and, since enteroviruses have a widespread distribution and are easily isolated, laboratory investigations of faces should be performed in all such cases as a routine.
Two serum specimens should be obtained, the first during the stage of acute illness, the second two or three weeks later. These may be frozen and stored until required. If a virus has been isolated it may be used for neutralization tests to demonstrate homologous antibodies in these sera; a rise in titre in the second specimen is strong supporting evidence that the virus was the cause of the illness.
Although it may seem almost hopeless to prove a viral oetiology for many diseases of the nervous system, progress will only be made ifevery possible case is subjected to laboratory tests. There is little doubt that a multiplicity of agents is involved; the enterovirus group alone contains 3 polioviruses, 30 Coxsackie viruses and 28 ECHO viruses. Moreover many of the diseases produced by these agents cannot be distinguished clinically and it is only in the laboratory that a definite diagnosis can be made.
The diagnostic screening methods at present in use are only partially effective but new techniques are now being developed and it is only by the closest co-operation of clinician and virologist that their potentialities will be fully exploited.
Professor A S Laskiewicz (London) described Beethoven's deafness (smallpox in his 12th year, repeated headcolds and influenza, typhoid feverperhaps of the louse-borne type as August Hirsch supposedin his 22nd year), discussed its wtiology as one form of neuronitis cochlearis of viral origin and gave his reasons for making a definite diagnosis of neuritis acoustica and presbyacusis pracox, because of his liver disease, advanced malnutrition and avitaminosis.
Dr L Fisch (Harrow) mentioned some problems of deafness from maternal virus infection. He had been surprised, in 1958, to find several cases of unilateral deafness following maternal rubella and felt that one ear must have been specially vulner-able at the critical time; that time was probably the period of most rapid mitotic activity. The conversion of the simple, rounded, otic vesicle of the 4th week into the highly complicated labyrinth of the 8th was one of the speediest and most complex transformations in the embryo, while the development of the organ of Corti involved only the differentiation of the specialized hair cells, which indicated that the latter's critical period of vulnerability must be very short. He believed, therefore, that unilateral deafness could be explained by an unequal rate of, or genetic difference in, the development of each side. In these cases, as with mumps, further study was needed.
Mr Alan G Gibb (Dundee) wondered if there was a viral aetiology for benign positional vertigo.
Dr Constable, in reply to Dr Fisch, drew attention to the similarity between viral nucleic acid and the nucleic acid of chromosomes, which probably accounted for virus-induced mutation in certain cells, and might even initiate neoplasia. The meeting will be reported in the Journal of Laryngology.
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